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Plk5, a Polo-box domain-only protein with specific roles in 

neuron differentiation and glioblastoma suppression 

By Guillermo de Cárcer et al. 

 

Supplementary Figures 

Figure S1. Sequence analysis of Plk5 in mammals. A. The murine Plk5 protein is most similar 

to Plk2 and Plk3 both in mice and humans. The structure of the kinase domain and the polo-box 

domain (PBD) is shown as well as critical residues in these domains. The tree was calculated 

using the average distance method BLOSUM62 (1). A similar tree is obtained when comparing 

only the kinase domain (data not shown). B. Plk5 gene structure in the mouse and human 

genomes. Coding exons are shown as grey boxes whereas non-coding exons are empty boxes. 

Filled boxes indicate the kinase domain at the N-terminus of the protein and the PBDs at the C-

terminus. C, Primary sequence of mouse Plk proteins at the ATP binding pocket and the 

activation loop of the kinase domain. Two relevant changes in Plk5 are shown in red boxes. The 

DFG motif is altered in the new Plk5 member. The activation threonine located at the T-loop is 

missing in the Plk5 sequence. D, Sequence comparison of the two PBDs in the murine Plk1, 

Plk2, Plk3 and Plk5 proteins. The critical tryptophan (W in the red box) in PBD1 is maintained in 

Plk5. However, two critical residues (H and K in the red boxes) involved in phospho-target 

recognition in PBD2 are not conserved in this new family member. 

 

Figure S2. Analysis of the stop codon in exon 6 of human PLK5. Human DNA blood samples 

extracted from healthy individuals and DNA from HeLa, PC3 and U2OS cells were amplified by 
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nested PCR using two different pair of oligonucleotides (red and green arrows). The final 

expected fragments of 230 bp were sequenced and the stop codon was confirmed in all these 

samples. 

 

Figure S3. Comparison of cell cycle defects and induction of apoptosis by the PBD of Plk 

family members. NIH3T3 cells were transfected with the human PLK1, PLK2 and PLK3 PBD 

domains fused to EGFP, or with the human PLK5 cDNA. Upon 24 hours expression, cells were 

fixed and analysed for cell cycle profile at the FACs. hPLK5 leads to a significant reduction of 

cells in S and G2/M phases. PLK1-PBD and PLK3-PBD do not significantly change the cell cycle 

profile and PLK2-PBD leads to partial arrest in G1. B, Similar overexpression experiments were 

performed in two GBM cell lines (U87 and U373) in order to analyze the induction of apoptosis, 

as measured by the ratio of Annexin V-positive cells. 

 

Figure S4. Analysis of antibodies against the mouse Plk5 protein. Two different peptides at 

the N-terminus (NT) and the linker (LK) region were used and two different sera SG3509 and 

SG3510 for NT, and SG3511 and SG3512 for LK were tested for each position. Human HEK293 

cells were transfected with GFP (lanes 1), GFP-Plk1 (lanes 2) and two independent transfections 

with GFP-Plk5 (lanes 3 and 4). The immunodetection with GFP antibodies detect both GFP-Plk1 

and GFP-Plk5 constructs (red arrows). The Plk5-NT antibody SG3509 (4th bleed) efficiently 

detects GFP-Plk5 (blue arrows) and it was selected for further studies in this work 

 

Figure S5. Expression of Plk5 during S-phase, G2 and mitosis. A, Schematic representation 

of the synchronization protocol followed. B16F10 melanoma cells were synchronized in S-phase 

with a double thymidine block, released from the block (time=0) and treated with nocodazole 5 h. 

after the release. B, These cultures progress through S-phase during the first 3-4 h and arrest in 
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mitosis after treatment with nocodazole. C, Plk5 is detected in S-phase but gradually decreases 

during G2 phase (t=4 and 5 h). 

 

Figure S6. Tissue-specific distribution of Plk5 expression at the mRNA level.  A, Profile of 

mouse Plk5 expression obtained from microarray analysis of mRNAs at the BioGPS 

(http://biogps.gnf.org) using the GeneAtlas GNF1M and MOE430 datasets, showing an 

enrichment in cerebellum, eyes and other regions in the brain. B, Mouse Plk5 mRNA in the 

developing embryo. In situ hybridization using Plk5-specifc probes in E14.5 embryos. Arrows 

indicate expression enrichment in the eye, the brain cortex and the cerebellum. Data obtained 

from Genepaint (http://www.genepaint.org) using the 6330514A18Rik entry (Genepaint Set ID: 

EH3152).  

 

Figure S7. Validation of murine and human Plk5 antibodies and shRNA. A, HEK293 cells 

were transfected with a vector expressing the c-myc fused murine Plk5. Different shRNAs against 

the the mouse Plk5 were co-transfected with the myc-Plk5 vector. An additional scramble shRNA 

was used (shControl). The myc-Plk5 band (about 70 kDa) detected by the Plk5-NT antibody is 

sensitive to the shRNA.122 (lane 2), indicating the specificity of the antibody and the 

effectiveness of this particular shRNA. B, In a similar experiment, HEK293 cells were transfected 

with a GFP-fused human PLK5 cDNA, together with different shRNAs specifically designed to 

silence the human PLK5 gene. The GFP-PLK5 band (about 65 kDa) detected by the human 

PLK5-LK antibody is sensitive to the shRNA.1272 (lane 4) and to the shRNA pool mixture (lane 

5), indicating the specificity of the antibody.  It is worth to mention that this antibody does not 

recognize the mouse myc-Plk5 protein (about 70 kDa) (lane 6). 

 

http://biogps.gnf.org/�
http://www.genepaint.org/�
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Figure S8. Subcellular localization of mouse and human Plk5 proteins. Subcellular 

localization of exogenously expressed of mouse Plk5, mouse Plk5-∆N or human PLK5 as GFP-

fusion proteins in U2OS cells. The murine GFP-Plk5 fusion protein clearly labels the nuclei of 

Plk5-GFP positive interphase U2OS as well in HeLa, 293 and 3T3 cells (data not shown). The 

predicted shorter human PLK5 is however cytoplasmic and, similarly, the murine Plk5 cDNA 

lacking the kinase domain (N-terminus deleted; Plk5-∆N) is also found in the cytoplasm. 

 

Figure S9. Expression of PLK5 in different human tissues. A tissue macroarray containing 35 

normal samples from human tissues was used for PLK5 immunodetection. The table describes 

the major cell types showing positive signal in these tissues. Representative signal is observed in 

tonsil, seminal vesicle, parotid gland, liver cells and in the tubules of the kidney. Most cells display 

cytoplasmic staining although in some cases the signal is nuclear (some cells in the tonsil). This 

signal is also eliminated after pre-treatment with the antigenic peptide. In other tissues, the signal 

is polarized in the cytoplasm (arrows in the acinar cells in the parotid gland) or restricted to 

specific spots within the cytoplasm (arrows in seminal vesicle and liver cells).  

 

Figure S10. PLK5 expression in brain tumors. A, PLK5 mRNA expression in Agilent 

microarrays using RNA from the brain tumor samples also analyzed by IHC. GBM: Glioblastoma 

multiforme (grade IV); AA: Anaplastic astrocytoma (grade III); DA: Diffuse astrocytoma (grade II);; 

AOA: Anaplastic oligoastrocytoma (grade III); OA: Oligoastrocytoma (grade II); AOG: Anaplastic 

oligodendroglioma (grade III); OG: Oligodendroglioma (grado II). These data were obtained 

essentially as described in (3) and show a reduction in PLK5 mRNA expression levels in 

advanced tumors such as GBM and AA (grade III) or AOA (grade III). B, Relative expression 

levels ok PLK5 mRNA in grade II and grade III astrocytomas or comparative analysis between 

these astrocytomas and oligodendriomas and GBM (sourced from Oncomine). C, Lower 
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expression of PLK5 significantly correlates with worse survival 5 years after surgical resection 

and displays some correlation with 5-year survival after diagnosis. Data in B and C are collected 

from (4)(sourced from Oncomine). D, mRNA expression of human PLK1, PLK2, PLK3 and PLK5 

in a collection of glioblastomas and oligodendrioma tumors, analized using Agilent DNA platform. 

PLK2 is severly downregulated in all the tumors regardless the grade level while PLK5 is only 

downregulated in the most aggressive glioma grades. PLK1 and PLK3 are moderately 

upregulated in some tumors. PLK4 was not represented in these commercial arrays. Data is 

normalized towards normal brain tissue expression rates. E, similar analysis as performed in D, 

but using a custom made DNA microarray (CNIO). In this case, only samples from 20 

glioblastomas are analyzed. PLK1 and PLK3 mRNA are upregulated whereas PLK2 mRNA is 

downregulated. PLK4 does not show a remarkable change in expression. PLK5 was not 

represented in these arrays. F, mRNA expression levels of PLK family members in glioma tumors 

classified by malignancy grade (grade II, III and IV versus normal brain). (Data from Ref. (4) after 

analysis in Oncomine) 

 

Figure S11. Induction of apoptosis after re-expression of PLK5 in glioblastoma cell lines. 

A172 and LN18 glioblastoma cells were transfected with GFP or the GFP-fusions of the wild-type 

mouse Plk5, the Plk5-∆N mutant and human PLK5. Apoptosis was scored by Annexin-V staining 

and FACS analysis. 
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Table S1. Oligonucleotides used or the analysis of human, mouse and rat Plk5 

orthologues. 

 

Short hairpins for RNA interference 

Specificity Code Sequence (5’-3’) 

Human sh125 GCTACAAGCTGACAGACATGT 

 sh466 CTTAGTAACTTCTTCCTTAAC 

 sh1272 GGTGGATTATTCCAGCAAATA 

Mouse sh122 GCTACAAGCTCACGGACAT 

 sh424 CTGCGCTACTTGCACCAACAA 

 sh1457 TGCGGCTCTTTGCCTGCTATA 

Rat sh122 GCTACAAGCTCACGGACAT 

 sh470 CCAGTAATTTCTTCCTTAA 

 sh1374 CTCCTACCAACCTGACCAA 

Methylation análisis of human PLK5 

MS-PCR M1-FW AACGTCGAGGTTTATATTTTAAGC 

 M1-RW GAACTAACTAAAAACCGCTAATACG 

Bisulfite 

sequencing 

BS1-FW TTTAGGTTTTTATGTGGGTTTTAGG 

 BS1-RW GTTTTAGGTTTTTATGTGGGTTTTAG 
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